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@ Methods for producing protein C. 



(57) The present invention relates to a method for producing high levels of functional recombinant 
proteins in adenovirus-transformed mammalian cells by incubating cells capable of producing recom- 
binant proteins at a temperature range between about 38 degrees centigrade and about 39 degrees 
centigrade. The method allows for higher levels of expression of total protein in some cell lines and 
higher levels of functional protein in other cell lines. 
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This invention relates to molecular biology, particularly to methods for the production of high levels of func- 
tional recombinant protein C in mammalian cell lines. 

Many proteins undergo extensive post-translational modification during maturation. Human Protein C 
(HPC) is gamma-carboxylated, beta-hydroxylated and glycosylated either during or soon after translation of 

5 the primary RNA transcript. Many cell lines, such as the Syrian Hamster AV1 2 cell line, are incapable of effi- 
ciently processing these post-translational modifications therefore the protein C molecules produced in these 
cell lines are not fully functional. Other cell lines, such as the Human Kidney 293 cell line, produce fully func- 
tional protein C molecules but the levels of expression of the protein C molecules in these cell lines are some- 
what low. The present invention relates to methods for increasing the level of production of fully functional pro- 

10 tein C in those cell lines which do not ordinarily produce fully functional molecules. The invention also relates 
to methods for increasing the level of total production of protein C molecules in those cell lines which ordinarily 
produce fully functional molecules. The methods of the present invention concern culturing the protein C pro- 
ducing cell lines at temperatures greater than the common incubation temperature of 37°C. 

For purposes of the present invention, as disclosed and claimed herein, the following terms are as defined 

15 below. 

Adenovirus-transformed cell line - a cell line which expresses the E1 A gene product of an adenovirus. 
Human protein C - Human protein C zymogen and activated human protein C. 

Nascent protein - the polypeptide produced upon translation of an mRNA transcript, prior to any post- 
translational modifications. However, post-translational modifications such as gamma-carboxylation of glu- 
20 tamic acid residues and hydroxylation of aspartic acid residues may begin to occur before a protein is fully 
translated from an mRNA transcript 

Protein C Activity - any property of human protein C responsible for proteolytic, amidolytic, esterolytic, and 
biological (anticoagulant or pro-fibrinolytic) activities. Methods for testing for protein anticoagulant activity are 
well known in the art, i.e., see Grinnell et.al., 1987. Bio/Technology 5:1189-1192. 
25 Zymogen- an enzymatically inactive precursor of a proteolytic enzyme. Protein C zymogen, as used herein, 

refers to secreted, inactive forms, whether one chain or two chain, of protein C. 

All amino acid abbreviations used in this disclosure are those accepted by the United States Patent and 
Trademark Office as set forth in 37 C.F.R. §1 .822(b)(2) (1990). 

The present invention relates to a method for increasing the production of protein C in an adenovirus-trans- 
30 formed recombinant mammalian host cell. The method comprises culturing the adenovirus-transformed recom- 
binant mammalian host cell at a temperature between about 38° C and about 39° C. The invention also relates 
to a method for increasing the production of functional protein C in an adenovirus-transformed recombinant mam- 
malian host cell comprising culturing the host cell at a temperature between about 38° C and about 39° C. 

Many cell lines have been used to produce recombinant human protein C. However, because the human 
35 protein C molecule undergoes extensive post-translational modification, most common cell lines either do not 
produce fully-functional protein C, or, if fully-functional protein C is produced by a cell line, levels of expression 
or secretion remain relatively low. For example, the Syrian Hamster AV12 cell line generally cannot produce 
protein C molecules which contain all nine gamma-carboxyglu tamic acid residues which are required for full 
activity. On the other hand, protein C molecules produced in Human Embryonic Kidney 293 cells are generally 
40 fully gamma-carboxylated and beta-hydroxylated, yet the levels of production of human protein C from these 
cell lines is relatively low. 

Normally, mammalian cell cultures are incubated at 37°C. When the adenovirus-transformed Syrian Ham- 
ster AV12-664 cell line (ATCC CRL 9595) containing a plasmid encoding the human protein C gene was incu- 
bated at 37°C. the cell line produced protein C which was only 40% to 50% fully gamma-carboxylated, resulting 

45 in low functionality of the protein C in the crude culture medium. When this same cell line was incubated at 
38.5°C to 39°C, the functional anticoagulant activity of the secreted protein C in the conditioned culture medium 
was increased. The rate of secretion of protein C from this cell line incubated at the elevated temperature was 
about 20% to 30% lower than the rate of secretion at 37°C, although this decrease in secretion rate is offset 
by the increase in functionality of the secreted protein C. 

so Human Kidney 293 cells (ATCC CRL 1 573) are transformed primary embryonal human kidney cells which 

contain and express the transforming gene of Adenovirus 5. These cells have been used to express several 
important gene products and have been used by a number of different laboratories both in academia and in- 
dustry. For example, Yan, U.S. Patent No. 4,981 ,952 and Bang et. ah, U.S. Patent No. 4,992,373, both disclose 
the use of the 293 cell line to produce human protein C. The Human Embryonic Kidney 293 cell line secretes 

55 fully gamma-carboxylated human protein C when harboring an expression plasmid encoding the human protein 
C gene. When cultured at 37°C, this 293 cell line secreted recombinant human protein C with a specific activity 
of approximately 350 U/mg. Increasing the growth temperature of these recombinant 293 cells did not result 
in an increase in functionality of the secreted protein C (as the protein C from this cell line is already fully gam- 
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ma-carboxylated). However, the recombinant 293 cells grown at 38°C to 39°C demonstrated an increase in 
the rate of secretion of protein C in comparison to the same cells grown at 37°C. For purposes of the present 
disclosure, an increase in protein C production can mean either an increase in total protein C secretion from 
the cell line or an increase in the functionality of the secreted protein C. 

5 The skilled artisan will understand that the present invention is not limited to the use of the adenovirus- 

transformed Human Embryonic Kidney cell line or the adenovirus-transformed Syrian Hamster AV1 2-664 cell 
line. A number of mammalian cell lines are available for the production of human protein C. For example, the 
HepG2 cell line is a human liver cell line which has been used to produce human protein C. The BHK (Baby 
Hamster Kidney) cell line, the SA7 cell line, the SV20 cell line, the FAZA cell line and the MK2 cell line have 

10 also all been used to produce human protein C. Although not all of the cell lines listed in the preceding sentence 
are adenovirus-transformed cell lines, the skilled artisan understands that many mammalian cell lines can be 
transformed with the adenovirus to create a specific adenovirus-transformed cell line which can then be used 
in the method of the present invention. 

It should also be understood that the present invention is not limited to only temperatures of 38°C and 39°C. 

is Most mammalian fermentations are performed at 37°C, yet it has been found that a fermentation temperature 
of about 38°C leads to higher production of protein C in adenovirus-transformed cells. In that many fermenta- 
tion tank and warm-room temperatures may fluctuate up to 0.5°C, the term "about" should be viewed as a tem- 
perature within 0.5°C of the stated temperature. Therefore, the term "about" 38°C can extend from 37.5°C to 
38.5°C. Furthermore, the term "about" 39°C can extend f rom 38.5°C to 39.5°C. Most mammalian cells do not 

20 grow well once the incubation temperature reaches about 40°C. Preferred temperatures for the method of the 
present Invention range from about 38°C to about 39°C, while the most preferred embodiment of the present 
invention is found when the temperature of incubation of the adenovirus-transformed cell line is about 39°C. 

The skilled artisan will also recognize that the method of the present invention will allow one to more readily 
select those clones which are expressing high levels of protein C. For example, as the level of protein C se- 

25 creted from a cell line is increased, it is easier to assay for the molecule in the crude media, therefore it is easier 
to select the clone which expresses the highest level of the desired product. The average increase in expression 
levels for clones isolated at 39°C ranged from about 69% to 93% in comparison to clones isolated at 37°C. 

The following examples are provided as a means of illustrating the present invention and are not to be 
construed as a limitation thereon. 

30 

Example 1 

Production of Human Protein C in 293 Cells 

35 Recombinant human protein C (rHPC) was produced in Human Kidney 293 cells by techniques well known 

to the skilled artisan such as those set forth in Yan, U.S. Patent No. 4,981 ,952, the entire teaching of which is 
herein incorporated by reference. The gene encoding human protein C is disclosed and claimed in Bang et al., 
U.S. Patent No. 4,775,624, the entire teaching of which is incorporated herein by reference. The plasmid used 
to express human protein C in 293 cells was plasmid pLPC which is disclosed in Bang et al., U.S. Patent No. 

40 4,992,373, the entire teaching of which is incorporated herein by reference. The construction of plasmid pLPC 
is also described in European Patent Publication No. 0 445 939, and in Grinnell et al. f 1987, Bio/Technology 
5:1189-1192, the teachings of which are also incorporated herein by reference. Briefly, plasmid pLPC was 
transfected into 293 cells, then stable transformants were identified and subcultured. The clones which dem- 
onstrated the highest level of expression were given various designations (e.g., CC35 and CC31-1) and grown 

45 under standard cell culture conditions. Alternatively, plasmid pGTC was used to create the stably transformed 
cell line GT-21. The construction of plasmid pGTC was disclosed in European Patent Publication No. 0 445 
939. After growth at 37° C, the human protein C can be separated from the culture fluid by the techniques of 
Yan, U.S. Patent No. 4,981,952. The human protein C so produced can be used in the unactivated zymogen 
form or can be activated by procedures well known to one skilled in the art. The same clones were also grown 

so under the same conditions at 39°C. Results are set forth in Table I. 
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Table I 



Effect of growth temperature on the amount of protein C secreted from 293 cells 


Clone 


ng/10 6 /day@37°C 


ng/10 6 /day@39°C 


Percent increase 


CC35 


395 


663 


68 


CC35 


425 


664 


56 


GT-21 


237 


747 


215 


CC31-1 


1164 


2361 


103 


CC35 


824 


1227 


49 


CC35 


2100 


3906 


86 



Even when cells were grown at varying cell densities, thus yielding different expression levels per cell (e.g., 
CC35), the percent increase in secretion at 39°C was consistently observed. 



20 Example 2 



Production of Human Protein C in AV12-664 Cells 



Human protein C was produced using plasmid pLPC in substantial accordance with the teachings of Ex- 
25 ample 1 except Syrian Hamster AV1 2-664 cells were used rather than Human Embryonic Kidney 293 cells. 
Functional anticoagulant activity was measured by the techniques of Grinnell et al, 1987, Bio/Technology 
5:1189-1192. Results are set forth in Table II. 



Table II 



Effect of growth temperature on the 


functional anticoagulant activity of 


Human Protein C produced in AV12 




cells 


Temperature 


Units/milligram 


37°C 


216 ±62 


39°C 


460 ± 19 



Claims 

45 1 . A method for increasing the production of protein C in an adenovirus-transformed recombinant mammal- 
ian host cell said method comprising culturing said adenovirus-transformed recombinant mammalian host 
cell at a temperature between about 38° C and about 39° C. 



50 
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2. The method of Claim 1 wherein the recombinant mammalian host cell is a 293 cell. 

3. The method of Claim 1 wherein the temperature of incubation is about 38° C. 

4. The method of Claim 1 wherein the temperature of incubation is about 39° C. 

5. The method of Claim 2 wherein the temperature of incubation is about 38° C. 

6. The method of Claim 2 wherein the temperature of incubation is about 38.5° C. 
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7. The method of Claim 2 wherein the temperature of incubation is about 39° C. 

8. Amethod of increasing the level of gamma-carboxylation of a recombinantly produced protein C molecule, 
said method comprising culturing said recombinantly produced protein C molecule in a recombinant AV1 2 
host cell at a temperature between about 38° C and about 39° C. 

9. The method of Claim 8 wherein the recombinant AV12 host cell is cultured at about 38° C. 

10. The method of Claim 8 wherein the recombinant AV12 host cell is cultured at about 39° C. 



0658626A1I _> 



5 



EP 0 658 626 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 30 9314 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION gptO t) 



EP-A-0 323 149 (ELI LILLY COMPANY) 5 July 
1989 

* example 5 * 

WO-A-91 02065 (ZYMOGENETICS, INC.) 21 
February 1991 

* page 5 - page 14; example 2; table 2 * 

BIOTECHNIQUES, 

vol.14, no. 6, June 1993 

pages 972 - 978 

BERG D. T. ET AL. 'High-level expression 
of secreted proteins from cells adapted to 
serum-free suspension culture' 

* table 1 * 

WO-A-92 13079 (TEIJIN LIMITED) 6 August 
1992 

* example 2 * 

EP-A-0 354 504 (HOECHST JAPAN LIMITED) 14 
February 1990 

* the whole document * 

W0-A-88 03926 (NEW ENGLAND MEDICAL CENTER) 
2 June 1988 

* claims 1-9 * 



1-7 



1-10 



1-7 



C12N15/57 
C12P21/02 
C12N9/64 



The 



search report has been drawn op for ail claims 



1-7 



8-10 



6-10 



TECHNICAL FIELDS 
SEARCHED (IM.CL6) 



C12N 
C12P 



THE HAGUE 



Date of conlrttoa of Ike texnk 

24 March 1995 



Espen, J 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of the same cate 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published an, or 

after the filing date 
D ; document cited in the application 
L : document cited for other reasons 

A : member of the same patent family, corresponding 



BNSDOCID: <EP 0658626A1_I_> 



